Background: Patients with respiratory failure caused by H7N9 may benefit from veno-venous, veno-arterial, and veno-venoarterial extracorporeal membrane oxygenation (ECMO) support.
Introduction
The influenza A (H7N9) virus has now become the most prevalent avian influenza virus affecting humans in China since its appearance in the spring of 2013. [1, 2] Similar to other severe influenza virus infection, H7N9 typically causes severe pneumonia not responding to antibiotics covering typical and atypical respiratory pathogens, and can lead to extrapulmonary complications. [3] Acute respiratory failure is one of the most severe complications, of which approximately one-third have resulted in death. Patients with respiratory failure caused by H7N9 may benefit from veno-venous (v-v), veno-arterial (v-a), and veno-veno-arterial (v-v-a) extracorporeal membrane oxygenation (ECMO) support. Here we report on our initial experience of treating 1 special patient with respiratory failure with v-v ECMO.
Case summary
A 55-year-old male was admitted to our hospital due to fever for 8 days and cough for 6 days on January 16, 2014 . He denied history of exposure to poultry. His medical history showed that 5 years ago he underwent a mechanical mitral and aortic valve replacement surgery due to rheumatic heart valve disease, thereafter he took warfarin (orion corporation) 3 mg qd to maintain international normalized ratio in 2.5 to 3.0. On physical examination, a few moist rales have been audible over both lung bases. After admission, he showed continued fever with no therapeutic effect to broad spectrum antibiotic, and chest X-ray along with computed tomography (CT) scan revealed progress of lung infection (Fig. 1A and B) . The troponin-I result was negative; however, the CK-MB level was 0.78 mg/L. Electrocardiogram demonstrated first degree atrioventricular block. Thus the primary diagnosis of pulmonary infection with probable myocarditis was made. Two days after his hospitalization, H7N9 influenza virus RNA was detected in this patient and his Editor: Oliver Schildgen.
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The authors have no funding and conflicts of interest to disclose. influenza virus subtype assays was positive for influenza A. At the same day, he began to manifest irritability, difficulty of breathing with his oxygen saturation dropped to 77% to 85% when on mask oxygen-inspiration. Then the endotracheal intubation was executed. Nine days later, his H7N9 influenza virus RNA assay revealed negative. The next day, his oxygen saturation further decreased, the parameter of mechanical ventilation (MV) was fraction of inspiration O 2 (FiO 2 ) 100%, positive end expiratory pressure (PEEP) 17 cm H 2 O, PC mode with 40 cm H 2 O, SPO 2 46%. After multidisciplinary discussion, we decided to support the patient with v-v ECMO (V-V ECMO). Under the guide of ultrasound, a 24 # and 20 # catheters (EDWARDS) were successfully cannulated into his right femoral and jugular vein, respectively. Ventilator parameters were FiO 2 50%, PEEP 10 cm H 2 O, PC 36 cm H 2 O, tidal volume (Vt) 200 mL, and respiratory rate 20 per min. ECMO parameters were 100% oxygen with flow of 8 L/min, rotational speed 2806 times/min, blood flow 4.26 L/ min, and SPO 2 94%. Two days after that, we performed tracheotomy for this patient to avoid oral complications without significant bleeding. Gradually, his pulmonary function recovered, and we removed ECMO and MV sequentially. He was discharged from hospital on March 25, 2014. CT scan (Fig. 1C ) at discharge showed moderate fibrosis and inflammation, improved significantly comparing to CT at admission. Duration of ECMO support, MV, and hospital stay was 16, 45, and 60 days, respectively.
Discussion
This patient suffered from a novel viral infection-H7N9 influenza virus. He presented with typical symptoms, cough and fever, for over a week. He also developed pneumonia that did not respond to broad spectrum antibiotics covering for both typical and atypical bacteria. X-ray and CT scan showed that the pneumonia extended to involve both lungs. These typical clinical features along with the laboratory result of influenza virus RNA detection confirmed the definite diagnosis of H7N9 infection. Among various complications of H7N9 infection, acute respiratory distress syndrome (ARDS) most commonly occurred. Other complications included disseminated intravascular coagulation, shock, heart failure, acute kidney injury, rhabdomyolysis, and encephalopathy. [3] This is a big challenge to do ECMO for such a special ARDS patient, because of his history of heart valve replacement with anticoagulation status as well as MV for up to 10 days. Finally the patient was rescued successfully, and we summarize and analyze our experience as follows.
ECMO is a method of life support to maintain cardiopulmonary function. Poor outcomes and a highly unfavorable risk-benefit ratio were seen in early studies, it regained attention in recent years, pivotal progress has been made in the construction of ECMO circuits, rendering them to be more biocompatible, to perform better, and to last longer. Good 
the latest generation of ECMO was used, reignited interest in ECMO for severe ARDS. [4, 5] In the winters of 2009/2010 and 2010/2011, ECMO was used with success in the management of some patients with severe respiratory failure associated with pandemic influenza A (H1N1/09) infection.
ECMO has been proposed as an alternative bridging strategy to MV, and it is employed in 3 types of modality, v-a, v-v, or v-v-a ECMO. [6] Among the 3 types, v-a ECMO is currently used as a bridge to heart transplantation, ventricular assist devices, or potential recovery, for patients with severe cardiac failure. [7] [8] [9] [10] Whereas v-v ECMO is employed primarily in patients with severe respiratory failure, in addition to, or as an alternative to MV, bridging to recovery, or lung transplantation. [11, 12] However, neither of the 2 types of ECMO support is sufficient for patients of respiratory failure combined with subsequent cardiac failure or upper-body hypoxia. The third type of ECMO, v-v-a ECMO, is defined by having both venous and arterial reinfusion cannulas. It is a rescue procedure for patients already on ECMO who developed cardiac dysfunction on V-V support or worsening hypoxemia on VA support. Our patient had a history of heart surgery, and his echocardiographic assessment before ECMO showed good cardiac function, then the severe respiratory failure should be the primary problem to be solved. Therefore, we preferred the V-V ECMO for treatment and during the 16-day operation time, the patient did not show manifestation of heart failure or abnormal cardiac ultrasound result.
Here we focus on the discussion of V-V ECMO application in ARDS.
So far, there is no unified official guide for the indications and contraindications for ECMO treatment of ARDS. Currently, different centers and experts hold different opinions, especially on the aspect of its contraindications. More consistent indication is PaO 2 /FiO 2 ratio below 50 mm Hg when FiO 2 > 80%, while other parameters such as oxygenation index, PH, plateau pressure (P-plat), Vt, and PaCO 2 have different standards in different regions and time periods. [13] [14] [15] [16] There is no completely consistent contraindication. The past 5 years have witnessed a relatively consistent contraindication on ECMO treatment for ARDS stating that MV cannot exceed 7 days.
Our patient suffered sudden deterioration and oxygenation continued to decrease after continuous MV for 10 days before ECMO, an emergency MDT was held and we decided to break the routine ECMO contraindications of more than 7 days MV. Finally, the patient was treated successfully, so we believe that the duration of MV before ECMO could be extended, while ECMO is the only chance to treat the patient.
ECMO parameter setting and adjustment is closely related to each center's experience, and has significant impact on the prognosis of patients. Currently there are no unified standards regarding the safe thresholds of carbon dioxide and arterial oxygen levels. However, arterial oxygen saturations, with a better reflection of oxygen delivery, is of more importance than arterial oxygen tension. Dr. Simon J. Finney has put forward a set of lung protective ventilation parameters which is a Vt of <6 mL/ kg predicted body weight to maintain a P-plat < 26 cm H 2 O. In all the parameters, except for P-plat and Vt, general requirements include gas flow between 4 and 5 L/min, arterial oxygen saturation SaO 2 ≥ 85% to 88% or blood flow should be ≥60% of the theoretical cardiac output, PEEP at 5 to 10 mm Hg, P-plat < 20 to 23 cm H 2 O, respiratory rate of 8 to 10/min FiO 2 set between 40% and 100% depending on oxygenation capacity of artificial membrane. [13, 14] These ECMO parameters are not established for H7N9 ARDS patients, and the respiratory rate is set for patient under sedation. We believe that there are some unique characteristics in H7N9 patient. That is viral infection without effective drugs, long ECMO operation time, and so on. So our parameter settings will be adjusted as follows: respiratory rate 21, FiO 2 (%) 60, PEEP 12 cm H 2 O, and auxiliary flow 4.21 to 4.27 L/min. We believe that a little higher PEEP level (>10 cm H 2 O) can prevent further lung collapse after the institution of ECMO. Furthermore, we hold opinion that "awake ECMO" for patients with ARDS may avoid some of the deleterious effects of MV, sedation, and immobilization in the bed. Thus we set a relatively high respiratory rate.
Due to the requirement for vascular access, anticoagulation, and blood-surface interfacing, complications of ECMO are divided into 3 aspects, they are device related, patient related, or anticoagulation related. Bleeding complications are predominant in ECMO. Their incidence is close to 50%. [17] Oxygenator thrombosis was found in the 10th day of ECMO support in our patient, then we promptly replace the oxygenator, and no other ECMO-related complications were found later. According to our experience, we used to systematically change the circuit once a week to avoid significant device complications. And the ECMO circuit should be monitored several times daily by the medical and nursing team caring for the patient and at least once every 24 h by a perfusionist or other ECMO specialist. If any complication occur, a multidisciplinary consultation should be conducted to establish the best therapeutic approach.
A diversity of anticoagulant values could be monitored in ECMO, some focus only on APTT, some on activated cloting time (ACT), anti-Xa activity, or a combination of ACT and APTT, while some others on thrombelastogram only, each protocol has its own advantages and disadvantages. [13] [14] [15] [16] There is no international standardized protocol that has been elucidated for the control of anticoagulation for patients on ECMO. We believe that the anticoagulation management in ECMO should be individualized in accordance to patient's condition. Taking this ECMO patient as an example, though it is the first case that had undergone mechanical heart valve replacement, during ECMO we use heparin as the only anticoagulation, and ACT was maintained at 150 to 180 s during ECMO. Thus we can make both his mechanical valve and the ECMO devices work well. And we adjusted his anticoagulation status based on the occurrence of clotting complications.
V-V ECMO weaning is generally divided into 2 steps. The first one is weaning trial, in which weaning of v-v ECMO should be considered when pulmonary function has improved to 21% FiO 2 and gas flow <1 L/min on ECMO for several hours. The second step for V-V ECMO weaning should be considered when PaO 2 /FiO 2 ratio >200 mm Hg, Vt 6 mL/kg, P-plat < 25 mm Hg, FiO 2 <60%, PEEP <10 mm Hg, pH > 7.3, and echocardiography reveals no evidence of severe acute cor pulmonale. ECMO was weaned from our patient when he had a significant improvement in clinical (notably in his respiratory compliance), blood gas, radiological and ultrasonic aspects on the 16th day after his admission.
H7N9-associated ARDS carries a high morbidity and mortality rate and ECMO support can help treating this life threatening disease. Even if some patients finally survive, returning to work is often limited or delayed, [18] and there can be significant psychological sequelae. [19] Although our patient had no serious complications during treatment, his life quality is Qian et al. Medicine (2016) 95:40 www.md-journal.com not high after that, and he is still unable to return to work. Follow-up of chest CT 1-year later showed serious lung damage, which is difficult to be reversed (Fig. 1D ).
Conclusions
This patient is 1 of the 40 cases of H7N9-caused ARDS in our hospital, because of his special medical history and long duration of MV before ECMO, we report it as a separate case, hoping to provide some reference for ECMO treatment.
